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What Is Light? 

L ook around you. What can you see? Maybe you can see the sky 
* through a window. There might be images flashing on a television 
or computer screen. You are probably viewing the illustrations on the 
pages of this book. Yet what, exactly, are you seeing? You are looking 
at light. In fact, light is all that eyes can really see. 

Light travels in waves. Thai may be hard to imagine, but think about water When 
you move your hand through water, you see a wave. Water doesn't move from 
place to place in that wave. That wave isn't made of water; It is made of energy. 
Energy travels through water in the form of a wave. 

Light waves are made of energy, too. Light has electrical energy and magnetic 
energy That's why another name for light is electromagnetic radiation 

Radiation is the way light moves It radiates from its source. 

The first person to explain successfully that light moves in waves was 
Christian Huygens (1629 -1695). He was a Dutch scientist with a long list of 
accomplishments in math, astronomy, and the study of matter and energy. We 
now know that light can even make waves in a vacuum, where there is no air 
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Meet Thomas Young 

The Englishman Thomas Young (1773- 1829) 
proved Huygens's wave theory of Ugh!. 

He showed that when light goes ih rough a 
narrow opening, the light spreads * ml, so it 
is not a straight stream He also proved that 
the spreading light affected lighl waves from 
other sources. This is known as interference 
This Important sdenttet not only proved 
properties of light, he advanced the studies of 
medicine, languages, energy, and mechanics. 
He even developed a special method of 
tuning musical insltLimeriis. 




Re-Create Young's Experiment 






can without 
making a tear. 


Ask the adult helper to use 
to poke two holes 
centre of the foil. Make 
the holes very dose together— 
as dose as 
he or she 


Have one helper hold up the poster 
2 j board. Have the other helper hold 



Stand about one metre (three feet) 
from the foil. Project the light 
through the pinholes onto the 
poster board. 





Have the person with the poster 
board move closer to the foil. You 
should see that the light shining 
on the poster board breaks into 
two beams, or bands, of light. 






Consider this: Thomas Young 
did not have a laser Light. He got 
the same results using sunlight. 
Sometimes he used candles. 
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The Full Spectrum 

rjadiation can refer to heat from the Sun or to nuclear energy There are 
XVother kinds of radiation, too. They are all pari of the electromagnetic 
spectrum. Light we can see is just pail of that spectrum: 

■ Radio waves, which carry signals not only for radio, but also for 
television and cellphones 

* Microwaves, which astronomers use to learn about space (yes, these 
are the same waves used to cook dinner!) 

* Infrared waves, which we experience as heat 

• Visible light, the kind you can see 

• Ultraviolet light, which comes from the Sun and can damage people’s skin 

* X-rays, which can be used to look at broken bones 

• Gamma rays, the highest energy waves, which can kill living cells! 

In 1665, Sir Isaac Newton passed sunlight through a glass prism. The light separated into all 
the colour of the rainbow. Then he placed a second prism next to the first one. He passed 
light through them both. When the separated light passed through the second prism, the 
colours recombined. They made one l;ghl — white light, That showed that white light had all 
the other colours of the rainbow: red, orange, yellow, green, blue, indigo, and violet. 



White light 

is many colours 
combined. 
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Meet Sir Isaac Newton 

Sir Isaac Newton (1642-1727) made many 
important scientific findings He showed 
how ihs Jaws of gravity work. He figured out 
which planets had the most mass and which' 
u^w? He used what he knew 
how that force works with 
bigger and smaller masses. Newton also 
figured out the speed of sound waves. He 
was brilliant at math 





Colour Addition 



3 rubber bands Red, blue, and green cellophane (enough 

to cover the lens of each flashlight with 
one colour; coloured report covers from 
an office supply store will work, too) 



3 flashlights 




Use the rubber bands to secure a piece of 
cellophane to each flashlight. You will need 
one flashlight covered with red cellophane, 
one with blue, and one with green. 



Leave the red flashlight on. Now, 
shine the flashlight covered with 
blue cellophane. Shine it so the 
beam of blue light overlaps with 
the red beam on the white wall. 
What do you see? 


First, shine the flashlight with 
red cellophane onto a white 
wall What colour do you see? 



Leave both the red and blue beams 
of light on Lhe wall Now shine 
the flashlight covered with green 
cellophane on the wall. Shine it so 
all three beams of light are shining 
on one spot. 






This experiment is like an addition problem. 
Different colours of light are added together. 
When the colours red, blue, and green 
combine, they appear as white light. 
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WHO WOULD HAVE THOUGHT? 

You can see colours on a computer 
screen, but how do those colours get 
there? A computer screen contains 
dots of red, green, and blue. 

These dots do not glow until an 
electronic beam travels across 
the screen to create the image. The 
three colours combine to create the 
colours you can see on the screen. 


When blue and red overlap, fori \ 

example, you see the colour magenta. \ 
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That is a purplish-red. When green 
and red overlap, you see yellow. 
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Filled with Light 

rf^bjects absorb and reflect light. In other words, they take in some 
tight and some light bounces back. When you see something blue, 
it is reflecting light rays that make blue light. All the other light rays 
are absorbed. How does an object absorb light waves? A light wave 
has a certain frequency. Frequency means the number of times a 
wave passes a certain point in a second. Each light wave has a certain 
frequency, and its colour depends on the frequency. 






Yes, the absorption 
of light explains 
the colours that 


we see. 


There is a 

relationship between 
light and the material 
it travels through. 
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Leaves of green plants, 
for example, contain 
a substance called 

chlorophyll. 


Chlorophyll absorbs 
the blue and red colours of the 
spectrum and reflect the green. 


So, when we look 

at a plant's leaf, we can 

Rk'- i ' - " Mirii 

see green, 


Meet August Seer 

August Beet (1825 1863) helped establish 
the Becr-Lambeil Law, Thai law helps us 
figure out how much light goes, through 

can nine this law to figure out 
jm the Sun n avels through 
substances mthe atmosphere. We can 
also use this law to explain why differed 
materials absorb light in differed ways. The 
way wood absorbs visible light- we cannot 
:^ee Lhrough wood. Glass is differen r The 
way glass absorbs light waves, we can see 
lhrough glass. 





Light Absorption in Black and White 


You Will Need: 



Black and white 2 bottles filled Thermometer 

construction paper with water 


\ / 



Tape An area in 

direct sunlight 



Wrap one bottle of water with 
white paper and the other with 
back paper Use a piece of tape 
to secure the paper to each bottle. 



Set both bottles in direct sunlight. 




After about two hours, measure 
the temperature of the water 
inside each bottle. 



\ / 



The water inside the bottle 
wrapped In black paper should be 
warmer than the bottle wrapped 
in white paper. This is because 
black absorbs all the colours of 
light. White reflects all the colours 
of light. Light itself is energy 
that can heat things up. So the 
more light something absorbs, 
the war mer i t can become. 
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WHO WOULD HAVE THOUGHT? 

Earth is surrounded by atmosphere. The atmosphere has 
gases that act like a greenhouse. These gases are called 
greenhouse gases. Earth absorbs the suns light and reflects 
some of the energy back toward space. Yet the gases trap 
much of this energy 

We need warmth to survive. If the gases cause Earth to 
absorb too much light, however: this can cause problems. 
Over the last one hundred years. Earth warmed by about 1 
degree Fahrenheit (about a half degree Celsius). Scientists 
predict warming will happen more quickly over the next 
century Some plants and animals may not be able to adapt 
quickly enough to survive. 


;■ 




- & 








I ; ; M 






.. >. 


c$;:- 






te-i 


■I 








The Ways of Light 

L ight can act in one of three ways, depending on the material 
l it hits. The first is reflection. Some materials do not absorb 
light. They simply send the energy back from the object. When 
a wave is reflected off a surface, it comes back off at an angle 
equal to the angle that the wave first hit the surface. 

Thu second is refraction. Some materials bend light waves. If light hits 
a diamond, for example, the waves seem to bend. A rainbow of light can 
show in the diamond. This happens because the diamond slows down 
some waves more than others. The waves bend at different angles. 

The third is scattering. An uneven surface makes light reflect at many 
angles. The surface of paper is rough, so light scatters when it hits the 
surface. The waves reflect, in all directions. 



Scientists such as Hans Lipperhey {about 1570 1619) made scientific 
advances, using these newer ideas about light, l.ipperhey was one 
of the first to make glass lenses for telescopes. 
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SMALL 

THINGS LOOK 
LARGER/ 






Meet Zacharias Janssen 

Zacharias Janssen (1585-1632) was a Dutch 
inventor who lived near Hans Lipperhey The 
two scientists were in competition . Borne 
historians argue that Janssen was the first to 
invent the telescope. Some also believe Janssen 
was first to invent a certain kind of microscope, 
called the compound microscope TVfo things 
are certain; competition often makes inventors 
do their best work, and we cannot always say 
who was first with inventions. 



A Gloss Filled with Science 



Cl ear g] ass Water Pencil 






Fill the glass two-thirds full 
of water. You can see through 
it is clear, or 

transparent. 



Place the pencil in the glass 
and hold it straight up 
and down. When you look 
through the side of the 





pencil appears to 
You do not see th 


Let the pencil lean against the side 
of the glass so that it is entering 
the water at an angle, When you 
look at the pencil entering the 
water at an angle, the 

broken, 
see tne pencil 
as it reany is because 
the light passing 
through the glass 
is bending. 



Light passing through glass slows 
down slightly. If the light enters 
the water at an angle, that causes 
the light beam to bend. It bends 
away from its original path. This 
is an example of refraction. 
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WHO WOULD 


THOUGHT? 

Why is the sky blue? The sky is blue because 
Earth's atmosphere is a 
surprise you? We usually think of a 
something flat that we. can touch. 

The atmosphere contains different molecules, 
such as nitrogen, oxygen, and water vapour i 
molecules. These molecules are different 

^ :8U5fece -ffl| 

As light moves through the atmosphere, 
most of 


se 
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yellows, Blue light waves are shorter: They are 
absorbed by the gas molecules. Then they are 
radiated in all directions in the sky. When you 
look up, you see reflected blue light. That is why 
the sky looks blue. 
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Eyes on the Light 

I t is hard to see on a dark, moonless night. Your eyes can get used to very 
■ little light, but it takes a few minutes. Eyes need light to see. 

Your eyes have cells called rods and cones, named for their shapes. Rods help us see in 
dim light Cones operate in bright light They also allow us to see colours. Rods and cones 
have cells that create nerve signals, and those signals travel to your brain. So. when you 
see an object, the signals allow your brain to figure out what you are seeing. Eyes cannot 
see all types of electromagnetic waves. We are not able, for example, to see microwaves 
or gamma rays. Rods and cones only detect light in the visible spectrum 





Meet Louts Jacque 
Monde Daguerre 

Louis Jacque Maude Daguerre (17B7-1057) 
Is important in the history or modern 
photography, although his camera would 
not seem modern today. He starred out as 
..m apprentice to an architect. Yet by age 
sixteen, he was working in theatres, where 
he became famous for his set and lighting 
designs, He enjoyed painting pictures, roo. 
His interest in the arts and beautiful images 
led to his role in photography 



I 

In 1835. it happened. 
My assistant and I had 
been experimenting 
with silver plates that 
worked like mirrors. 
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We were trying to get 
images to reflect on them 
and stay. We were using 
chemicals to absorb the 
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I pul one of the used 
plates into a cupboard. 

Several days later, I 
removed the plate and 
saw an image on it! 




— 

thermometer in the cupboard, 
i figured the mercury in the 
thermometer had something 
to do with it. 

















So we experimented with 
different chemicals In a couple 
of years J came up with the 
daguerreotype, a very early 
kind of photograph 
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Wouldn’t you know it? 

The same process had been 
patented in England only 
five days before J applied 
for a patent! 
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Now You See It, Now You Don't 

You Will Need: 


Pen 




Draw a dot and a plus sign on a piece of paper. 
Draw the symbols about IS centimetres apart 
from each other. Here’s an example, 




Hold the paper 
about SO centimetres 
away from your eyes. 
Close your right eye. 


" \ Slowly bring the image, or move your 
3 ) head., closer while looking at the +. Did 
^ you lose sight of the dot 1 ? At a certain 
distance, the dot disappears. It falls on 
your blind spot. 




Try it with your 
other eye. Close 
your left eye and 
look at the dot 
with your right 
eye, Move the 
image slowly 
closer to you. 
Which sign is 
lost this time? 
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Consider this: The back of the eye is called the retina, 
That's where your rods and cones catch Light, Those cells 
send messages about the light to the brain, The messages 
travel along nerves, which are like wires inside you. Your 
blind spot is the area of your eye where the nerves meet 
the retina. There are no rods or cones there! 
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WHO WOULD HAVE THOUGHT? 

People who are colour-blind have trouble seeing certain colours. 
The most common form of colour-blindness affects the ability to 
separate the colours red and green. How does this happen? The 
cones are the cells at the back of the eye that let us see colours. 
There are cones for red, blue, green, and combinations of the 
three. If some kinds of cones do not work, it's hard to see some 
colours. This affects more boys than girls. Out of every twelve 
boys, usually one is colour-blind. 
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Giving Light 

E very time you flip on a light switch, your eyes are exposed to 
light. You can then take in all the images surrounding you. A 
light bulb needs electricity to work. Amazingly, today's light bulbs 
are not that different from the very first bulbs invented. 


Inside moat light bulbs are iwo metal con tacts. The metal contacts are 
attached to two wires. The wires are attached to a thin piece of metal called 
a filament The wires and filament are inside a glass bulb, “’hat bulb is filled 
with a motionless gas, such as argon. Electric current flows Item a power 
supply along one wire It goes through the filament. It leaves the filament 
through the other contact and wire. 


Lasers are another kind of light. We have many uses for lasers, including 




cutting patterns in glass or metal. Lasers provide heat in experiments. They 
even cut into human eyes to correct vision How do lasers work? Think about 
-n waves look like they have peaks and valleys, in light from a fight bulb, 
waves run into each other In laser lights, however, the peaks and valleys 
line up. All the waves go in one direction. That makes light from a laser more 
“orderly" than light from a bulb. Because the light stream is so organised, we 
can control a laser light better 


24 




/ WE WANT 
TO LIOWT, NOT 
I &Hm i THE OAS 
\ IN MINES- . 


Meet Humphry Davy 

The British scientist Humphry Davy (1773-1829) 
led the way to modem light bulbs. In 1015, he 
Invented a safety lamp for use in coal mines. 
Before: ihat. miners used candles stuck to their 
heJmbtEk This was dangerous because thane were 
gases in the mines The gases could explode 
when they contacted an open flame, Davy was 
an expert in the science of gases He discovered 
that laughing gas could be used to lessen pain 
during surgery, He also cheated a process that 
helped discover new metals 
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See What Cannot Be Seen 

You Will Need: 



2 dear, plastic cups 



-J 


Tonic water 



Tap water 


V / 



Black paper Sunlight 



Label the cups “tonic water" and 
"tap water." Fill one of the plastic 


caps with tonic water and the other 
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Hold the black piece of paper 
behind the cups in a way that 
doesn't block the sunlight. 
Look across the surface of 
the tonic and tap 
water through the 
sides of the cups. 

What do you see? 



Set both cups in 
direct sunlight. 



What happens to the cup of tonic 
water? What happens to the cup of 
regular tap water? The tonic water 
appears to be a glowing blue. The 
tap water does not have colour. 

Tonic water contains quinine. That 
substance undergoes change when it 
absorbs invisible light from the sun. 
This experiment shows that sunlight 
is made up of both visible and 
invisible rays. 
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WHO WOULD HAVE THOUGHT? 


ave you ever seen pictures of fish that glow 
deep in the ocean? How about fireflies in 
the night skv? These creatures produce light 
with a process called biolummescence 
Bioluminescence is a chemical reaction. It 
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is the largest source of tight in the depths of 
the oceans, On land, a fungus called foxfire 
glows the same way Scientists are studying 

>■ n 


this natural chemical process to see if we 
can use it. Some scientists, for instance, hope 
to line the highways with glowing trees to 
save electricity Biolummescence may be a 
new chapter in sight science. 











300 B.C.E. 

Greek philosopher 
Euclid publishes Optica, 
a book about, light. 


1590s 

Zacharias Janssen makes a 
microscope with more Lhan one lens. 


be used for telescopes. 


Galileo is the first to build 
and use a telescope to 
study the heavens, 


Sir Isaac Newton proves 
that white light is a mixture 
of all the colours in the 
visible spectrum. 
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1830s 

Louis Daguerre produces 
an early version of a 
photograph. 


Humphrey Davy invents 
a safety lamp, which will 
lead others to invent light 
bulbs. 


Thomas Young illustrates 
light interference in an 
experiment 


Christian Huygens publishes his 
wave theory of light. 
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1852 

August Beer publishes the 
Beer-Lambert Law, which 
explains how much light 
goes through substances. 
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Glossary 


apprentice Someone who works 
tor a person who is a master of a 
certain trade in order to team the 
skills of that trade. 

argon Colourless, odourless 
chemical element, 

bioluminescence Light given off in 
certain living things such as fireflies; 
caused by a chemical reaction. 

chlorophyll A pigment in plants that 
gives them their green colour, 

colour-blind Unable to tell the 
difference between certain colours. 

cone Cell in the eye that is shaped like 
a cone and helps people see colour 

daguerreotype An early 
photograph produced on a silver or 
silver- cove red copper plate: named 
for L, I M. Daguerre, 

electrical energy Energy provided 
by electricity. 

electromagnetic radiation Energy 
in the form of electromagnetic waves. 


electromagnetic spectrum Entire 
range of wavelengths of energy 
traveling from the Sun to Earth. 

electronic Having to do with electrons, 
the negatively charged particles that 
orbit around the nucleus of an atom. 

filament Thin thread or wire that lights 
up when heated inside a light bulb. 

frequency Number of waves that pass 
a certain point per second. 

interference The meeting of two 
waves in which the waves cancel each 
other at some points and strengthen 
each other at other points, 

laser Light with a wavelength that 
is intense and narrow. 

magnetic energy Energy that is 
contained in a magnetic field. 

magnetic field Area surrounding a 
magnetic object or an object carrying 
an electric current; the area in which 
magnetic forces due to that object can 
be detected. 
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molecule Smallest, particle of a 
substance that has all the characteristics 
of that substance. 

nitrogen A colourless gas found in 
numerous forms, including all living 
material and nearly four- fifths of 
Earth’s atmosphere. 

nuclear energy Atomic energy, 
created by splitting atoms. 

oxygen An element found throughout 
the natural world, including water, most 
rocks, and as a colourless gas; most 
organisms need oxygen to live. 

particle A tiny unit of matter 

prism 'Transparent object that bends 
light so that it breaks up into separate 
colour- 

radiation Moving out from 
a central point. 

reflection The return or bouncing 
back of light or sound waves after 
striking a surface. 


refraction The bending of a ray of 
light when it passes from one substance 
into another 

rod Cell in eye that is shaped like a 
rod and helps see in dark. 

scattering Separating and going in 
different directions. 

theory A reasonable explanation. 

transparent Clear; allowing light 
to pass through. 

vacuum Space with no air. 

tonic water Carbonated soft drink 
flavoured with quinine; it is bitter 
because of its medicinal purposes. 
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I’ve discovered 

Light 

Did you know that waves are not just found 
in seas and oceans? That’s right! Light 
travels in waves as well. Find out all you ever 
wanted to know about light, and more, in this 
fascinating book filled with amazing facts and 
vivid graphic-art illustrations. 
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